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3.1 New Opportunities for Arctic Research

3.1.1 U.S Chairmanship of the
Arctic Council

U.S. agencies are continuing to examine how
best to contribute data to ongoing research pro-
grams being conducted through the Arctic Coun-
cil’sworking groups and also whether thereis
scope for new research on issues relating to envi-
ronmental contaminants, pollution, human health,
and biodiversity. Given the Council’s mandate
with respect to sustainable development, thereis
also scope for renewed emphasis on research in
the social sciences.

3.1.2 Remote Sensing

NASA has completed a major re-survey of the
Greenland ice sheet, through its Program for
Arctic Regional Climate Assessment (PARCA),
resulting in the completion of awide range of
remote-sensing-based data sets covering theice
sheet. These are in the process of being made
available, with coordination from the National
Snow and |ce Data Center (see Section 3.5.1 for
details about PARCA). Data setsinclude surface
topography derived from satellite radar and air-
borne laser observations, meteorological observa-
tions from automatic weather stations, ice thick-
ness from radar sounding, surface accumulation
from ice cores, and passive-microwave-derived
estimates of surface melt. This combined data set
represents anew benchmark for the current state
of the Greenland ice sheet.

NASA also supports the development of geo-
physical “pathfinder” data setsthat will be useful
to abroad community of scientists. Following a
re-competition of NASA's Pathfinder program, the
following projects with Arctic interests were
selected. These projects include the development
of ahistorical synthesis (1978-2000) of snow
cover datafrom microwave and optical instru-
ments, to be used for modeling purposes; a pilot
study of Alaskan glacier extent measurementsto
quantify global warming impacts using satellite
high-resolution optical and infrared data sets
(the Global Land Ice Measurements from Space

project, or GLIMS, led by USGS); and the devel-
opment of snow and ice cover products for polar
research applications using NASA's scatterometer
data.

NASA has entered anew data-rich era of satel-
lite observations of the Arctic, with the launch of
the Earth Observing System suite of sensors.
|CESAT will make observations of cloud and ice
surface heights, the latter being comparable with
airborne laser altimeter observations of Green-
land, one of the goals being to determine whether
the rapid thinning of many parts of the margin of
the Greenland ice sheet is continuing. The NASA
satellites TERRA and AQUA will each provide a
wide range of data types that will enrich our capa-
bility to understand Arctic processes. Two exam-
plesare AMSR, which is an advanced passive
microwave sensor of high potential value for sea
ice studies, and MODI S, which is a high-spectral-
resolution visible and infrared imaging sensor that
will enhance our ability to observe surface albedo
and temperature in polar regions.

3.1.3 In-situ Sensing

NASA has supported the devel opment of the
Greenland Climate Network (GC-Net), which cur-
rently consists of 20 stations with awidely distrib-
uted coverage over the Greenland ice sheet. Four
stations are located on top of theice sheet (in the
3000-m elevation range) along the north—south
direction, ten stations are located a ong the 2000-
m contour line, and four stations were positioned
in the ablation region at around 300 min eleva-
tion. GC-Net automatic weather stations (AWSSs)
are equipped with instruments to measure surface
energy and mass balance. So far the GC-NET
archive contains more than 50 station-years of
measurements. These data have been quality con-
trolled and calibrated.

3.1.4 Fisheries Management

Bering Sea stocks cannot be fished indiscrimi-
nately without irreversible changesin the popula-
tion structure and yield. Agreements between the



Presidents of the U.S. and Russia reflect the
heightened consciousness regarding the rich fish-
ery, wildlife, mineral, and heritage resources of
the Bering Searegion.

Representatives of the State of Alaska have
called for astudy of the Bering Sea aimed at
understanding the fishery dynamics and devising
appropriate management options. The Arctic
Research Commission has concurred with these
concerns and has recommended a study of the
Bering Sea as an ecosystem. (See Section 2.2.)

The NOAA/National Marine Fisheries Service
(NMFS) conducts an extensive program of eco-
logical and stock assessment research in support
of itsfisheries and marine mammals conservation
mandates. These research programs include fish-
eries oceanography to understand how environ-
mental changes affect resource production, stock
assessments to determine resource status, and
recruitment research to understand and forecast new
entrants to fisheries and mammal populations.

The agency and the groundfish industry carry
out large-scal e observer programs to monitor at-
sea catch and bycatch of the fleet. Thisinforma-
tion isused to set harvest levels and to allow wise
use of the resources.

3.1.5 Cultural Exchange

Work continues on planning for the Russia—
United States International Beringian Park in the
Bering Straitsregion. This park would preserve
the unique environmental and cultural heritage
adjacent regions of Alaskaand Siberia. Current
plans call for continuing the highly successful past
efforts on research, cultural exchanges, and publi-
cation projects.

3.1.6 Data

Common to all programsisthe need for consis-
tent data management among the Federal agen-
cies. The Arctic Dataand Information Program
describes this activity (see Section 4.2).

3.1.7 U.S—Russia Collaboration

The ending of the Cold War and the opening of
relations with the former Soviet Union offer an
unprecedented opportunity to develop bilateral
research programs on Arctic scientific issues of
common concern to the U.S. and Russia. Several
bilateral agreements already exist to promote
cooperative effortsin the areas of environmental
protection, oceans research, basic science, fisher-
ies management, and energy technology. An
extensive amount of data has been exchanged with

the former Soviet Union and now Russia over the
last several years, which include data from north
of the Arctic circle. These data are distributed
among the U.S. national data centers. A steady
stream of Russian scientists and science officias
have visited the U.S,, offering plans and proposals
for collaborative work. Proposals for specific
projects with Federal agencies have resulted.
Many agencies have taken the initiative to devel-
op their own contacts and programsin Russia.
Revelations about environmental contaminationin
the Russian Arctic and effortsto preserve and dis-
seminate scientific datafrom the former Soviet
Union have been the principal motivations behind
much of thisactivity.

Studies of Russian, U.S., and Canadian Arctic
history continue to demonstrate the ties that have
linked Arctic people, cultures, and regions for the
past 15,000 years.

Under the Environmental Working Group
(EWG) of the U.S.—Russian Joint Commission on
Economic and Technological Cooperation, theU.S.
and Russia have devel oped methods and proce-
duresfor using national security datafor environ-
mental problems of mutual interest. A key success
of the EWG has been the creation of a series of
Arctic climatology atlases using information
derived from both Russian and U.S. national secu-
rity data. Four CD-ROM atlases covering winter
and summer oceanography, ice, and meteorol ogy
have been released with 40-year gridded time-
histories. The oceanographic atlases have more
than doubled the Arctic oceanographic informa-
tion available to the world's scientific community.

3.1.8 Oil Pallution Control

TitleV of the Oil Pollution Act of 1990 estab-
lished the Prince William Sound Qil Spill Recov-
ery Institute (OSRI), with broad interagency
participation led by NOAA and including the
Department of Interior, Department of Defense,
Department of Transportation, and Environmental
Protection Agency. The State of Alaskaiswork-
ing to coordinate with OSRI’s development of an
Arctic—sub-Arctic oil spill research plan. The plan
has $5 million in research support from the State
of Alaska and authority to receive up to $23 mil-
lion from an account to be established in the
National Pollution Fund.

3.1.9 Permafrost Degradation
Renewed concern for the potential damageto

infrastructure and the environment due to perma-

frost degradation has been sparked by ongoing

39



40

initiatives to provide access to the National Petro-
leum Reserve in Alaska (NPR-A) for nonrenew-
able resource development, as well asincreased
DOD interest for potential National Missile
Defense facilitiesin Alaskaand other Arctic
regions.

Roads, airfields, buildings, and pipelines
founded on permafrost are at risk of damage when
the ground warms or thaws. This degradation
causes frozen ground to lose its strength, with
consequences ranging from areduced servicelife
to outright structural failure. The thawing of ice-
rich permafrost producesirregular settlement and
slopeinstabilities that permanently alter the ter-
rain and have catastrophic conseguences on the
infrastructure.

Significantly, permafrost degradationisnot a
hypothesized outcome of global warming: engi-
neers have been dealing with the effects of perma-
frost degradation for sometime, and there are
documented cases of the resulting damage to the
infrastructure. Although alink with global climate
change isintuitive, factors such as microclimate,
local hydrology, glacial history, geomorphology
and materials, and increased snow depth can pro-
mote, and in some cases control, degradation at
specific sites.

In addition to the impact to infrastructure, per-
mafrost warming and thawing have dramatic
effects on vegetation, topography, and hydrologic
processes, which in turn have serious ecol ogical
and land use implications. Warming may increase
the release of trapped methane and CO, asa

greenhouse gas. The degradation process may
result in adramatic increase in the mobility of
contaminants locked in existing permafrost depos-
its. Theimpact isinitially localized and is highly
dependent on the nature of the contaminants and
the geological and hydrological conditions of the
site. The contaminants become more widespread
aswarming proceeds, increasing the probability of
their introduction into the food chain and large-
scale groundwater contamination.

Theissue of permafrost degradation impacts
virtually all elements of the existing infrastructure
and future Arctic building programs, land use, and
contaminant mobility, and raises concerns regard-
ing the exposure of other cold-regions nations to
thisthreat. Although this problem has been recog-
nized by the engineering community, knowledge
of the extent of permafrost areas at risk, predic-
tions of the rate of degradation and the resultant
damage to specific structures, and a strategy for
dealing with progressive damage are al lacking.

3.1.10 Contaminant Behavior and
Impact in Northern Polar Regions
This new program of the National Science
Foundation has asits goal to encourage research
on the physical and biological routes, rates, and
reservoirs of Arctic contaminants to develop base-
linesfor natural systems. This research will pro-
vide abetter understanding of the behavior of
contaminants among the Arctic’s atmospheric,
marine, terrestrial, and estuarine systems and their
impacts on human populations and ecosystems.

3.2 Arctic Ocean and Marginal Seas

3.2.1 Ice Dynamics and
Oceanography

NASA has devel oped the Radarsat Geophysi-
cal Processor System (RGPS) to produce esti-
mates of the motion, deformation, and seasonal
thickness of the Arctic Ocean ice cover from time-
sequential synthetic aperture radar imagery. This
system has provided, for the first time, accurate,
large-scale measurements of the spatial variability
of the areaice cover. The seasonal iceisimpor-
tant because it containsthe crucial thicknessrange
that produces the most ice growth, the most turbu-
lent heat flux to the atmosphere, and the most salt
flux to the ocean. The ultimate objectiveisto
compile, from long-term, high-resol ution observa-

tions, basin-scal e estimates of geophysical fields
that are suitable for process studies, model param-
eterization and validation, and climatological
studies. From the area and thickness estimates, the
RGPS can be used to compute the deformation of
theice cover and the volume stored in seasonal

ice asaresult of the nonuniform motion of theice
cover.

NASA has continued to investigate the large-
scale changesin the Arctic seaice cover since late
1978, using satellite passive-microwave datafrom
NASA’s Nimbus 7 Scanning Multichannel Micro-
wave Radiometer (SMMR) and the Defense Mete-
orological Satellite Program’s Special Sensor
Microwave Imagers (SSMIs). The satellite data



allow calculation of seaice concentrations (the
percentage of area covered by ice) and, through
use of the concentrations, ice extents and length
of the seaice season (the number of days per year
with ice coverage). Analysis of how theice con-
centrations, ice extents, and length of the seaiice
season have changed since 1978 contribute to our
understanding of Arctic climate variability, which
isthefirst step in establishing itsrole in climate.

Results of the analysisfor the satellite data
from late 1978 through the end of 1996 reveal
considerable spatial and interannual variability
within the Arctic ice cover but also some clear
overall trends. Most prominently the Arctic sea
ice extents exhibited an overall trend toward less
seaice, at an average rate of 34,300 + 3,700
square kilometers per year, or 2.8% per decade.
The largest decreases were in the Kara and Bar-
ents Seas and the Seas of Okhotsk and Japan.
Increases occurred in the Bering Sea, Baffin Bay/
Labrador Sea, and the Gulf of St. Lawrence,
although only those in the Gulf of St. Lawrence
were statistically significant.

Greater spatial detail in the patterns of Arctic
seaice cover change has been revealed by map-
ping trendsin the length of the seaice season. The
central Greenland Sea and most of the ice-covered
region of the eastern hemisphere all display short-
ening seaice seasons, with the strongest trends
being in the eastern Barents Sea, just north of far
western Russia. The Bering Sea, northern and
eastern Baffin Bay, the Labrador Sea, and the Gulf
of St. Lawrence all experienced lengthening sea
ice seasonsinstead. Overall, amuch larger area
experienced a shortening in the seaice season
than alengthening, corresponding well with the
overall ice extent decreases over the same period
found through the same satellite data and with the
thinning of the ice cover found through submarine
data.

To provide explanations for the observed hemi-
spheric and regional trends in seaice coverage,
NASA isalso funding investigations that model
therole of seaicein Arctic climate. The recent
changes of reduced Northern Hemisphere seaice
coverage and thickness have rai sed the issues of
whether they are indeed trends or part of natural
variability and whether the observed trend could
be the result of an anthropogenic process. One of
the most robust projections of global circulation
modelsin response to increasing anthropogenic
trace gases is adecrease in Northern Hemisphere
seaice. Isthe decrease of 2.8% per decade over
the 40 years, and the noticeable thinning of ice

throughout the region, the expected beginning of
this anthropogenically driven process? If so, it has
strong implicationsfor high-latitude warming and
a positive sea ice-a bedo feedback.

Modeling carried out at NASA's Goddard
Institute for Space Studies (GISS) indicates that
the change in phase of the North Atlantic Oscilla-
tion associated with recent changesin Arctic sea
ice primarily arises from the impact of increasing
trace gases on the zonal wind structurein the
upper troposphere/stratosphere and the corre-
sponding alteration in planetary wave propaga-
tion. At the same time, increasing trace gases lead
to afreshening of the North Atlantic, areduction
in North Atlantic Deep Water production, and
cooling in the high North Atlantic, also decreasing
the sealevel pressurein thisregion. In this model,
future seaice decreases result primarily from ther-
modynamic factors associated with global warm-
ing, rather than seaice advection. Once seaice
decreases, the effect on the atmosphereisto pro-
mote more cyclonicity, enhancing the removal of
seaice from the Arctic. The important conclusion,
based on the GISS model analysis, isthat the
observed change in seaice in the Arctic appears
to be arising from increasing atmospheric green-
house gases, but acting primarily through atmo-
spheric and oceanic dynamical changes; however,
future Arctic seaice decreases may be more asso-
ciated with global warming than with advection
changes, aresult that needs to be explored with a
coupled ocean-troposphere—-middle atmosphere
model.

The goal of NASA's Polar Exchange at the Sea
Surface (POLES) project isto refine knowledge
of the Arctic climate system using satellite and
other observations and models. The POLES piece
of the climate system puzzle includes the heat and
moisture balance of the polar atmosphere, the
amounts and radiative effects of polar clouds, the
surface heat and moisture balance, and the trans-
port of heat and moisture into the polar atmo-
sphere from the midlatitudes. With a good knowl-
edge of these variables, it is possible to determine
the history and forcing mechanisms of climatic
change in Arctic seaice cover, the freshwater bal-
ance of the Arctic Ocean, and itsinteraction with
subpolar oceans.

New Arctic Ocean ice thickness datafrom U.S.
Navy submarines show astriking thinning over
the past several decades, a change that mirrors
decreasing ice extent seen by satellites. A seaice
model shows similar changes and has the advan-
tage of allowing adiagnosis of model forcing and
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About half of the ice thinning over the past 35
yearsis apparently caused by a slow, continual
warming of Arctic surface temperatures. The oth-
er half of the modeled thinning is caused by a
change in surface wind patterns; it is more abrupt
and appears strongly in the 1990s.

The POLES program will continue under a
project called The Role of Polar Oceansin
Contemporary Climate Change. The focus shifts
somewhat to assimilating a variety of observed
data sets into model simulations to provide the
best possible estimate of the Arctic climate
record for the past 50 years. The first step isto
determine the optimal methods for utilizing
satellite-based estimates of forcing variables
and for assimilating satellite and ground-based
measurements of ice motion and ice concentra-
tion into our ice—ocean model. Global climate
modelstend to use very elementary physicsto
represent seaice; this can contribute to poor
representation of all Arctic climate processesin
longer-term climate hindcasts and predictions.
The seaice model, with its more sophisticated
ice physics, is being modularized, so that it will
be readily accessible for these GCMs.

3.2.2 Ocean and Coastal
Ecosystems and Living Resources

The biota of marine and coastal ecosystems are
influenced by physical processes, including sea-
sonal extremes of light and temperature. Arctic
marine ecosystems are dominated by seaice,
while coastal ecosystems are influenced by fresh-
water input and seasonal sediment loads, as well
as by seasonal seaice. Thereisaneed to quantify
the resulting variability in the rates of biological
production of marine living resources through
long-term and well-designed interdisciplinary
research.

Objectives

* Determine the status and trends of fish, bird,
and marine mammal populations and identify
their habitat requirements;

» Monitor coastal ecosystemsto detect and
quantify temporal changesin nutrient and
energy exchange and their effect on biota;

» Determine the magnitude and variation of
marine productivity in Arctic areas through
studies of the structure, dynamics, and natural
variability of the ecosystems;

* Consider the influence of ice and human
activities on both the biotic and abiotic com-
ponents of the Arctic environment;

* Study the influence of Arctic marine produc-
tivity on the global cycling of biologically
active materials, including carbon and nitro-
gen; and

 Understand the physical and biological pro-
cesses that affect fisheriesrecruitment in the
U.S. waters of the Bering, Chukchi, and
Beaufort Seas.

3.2.3 Marine Geology and
Geophysics

The Arctic continental margin and deep ocean
basin constitute one of the least understood geo-
logical regions of the world, partly because much
of the offshore areais covered with seaice. A bet-
ter understanding of the tectonic history, geologic
structure, sediment processes and distribution, and
climatic and glacial history of the deeper basin
will require extensive geophysical and geological
research and the integration of newly collected
data on an international scale.

Objectives

* Develop and perfect new techniques for
deployment of instrumentsin the harsh Arctic
environment (for example, seismic tomogra-
phy, geophysical arrays, hydraulic piston cor-
ing, and scientific deep drilling);

* Initiate Arctic marine geological and geo-
physical studiesto provide information on
past and present climate change and the his-
tory of theice cover, support rational devel-
opment of natural resources, and address fun-
damental questions of global geologic history
and regional tectonic development;

» Define the geol ogic framework, deep struc-
ture, and tectonic history and development of
the Bering Searegion;

» Develop the capability for systematic and
comprehensive collection of geologic datain
the ice-covered offshore regions using remote
sensing and other technol ogies, such asthe
nuclear submarine; and

* Determine modern sediment transport by sea
ice, icebergs, and other processes; character-
ize the seafl oor sediments by coring and
reflection methods; and establish awell-dated
stratigraphy.

3.2.4 Underwater Research

Marine scientistsworking in the Arctic are
severely limited by vessel capability and other
logistical problems. The development of submers-
ible technology, especially remotely operated



vehicles (ROV's) and autonomous underwater
vehicles (AUVs), may significantly improve our
ability to study and understand the physical and
biological processes of the polar seas. The
increased U.S. policy interest in the Arctic and
the biological and physical data accumulating
about it challenge undersea technol ogy.

NOAA's National Undersea Research Pro-
gram’'s (NURP) West Coast and Polar (WC&P)
Center, located at the University of Alaska Fair-
banks, has supported many projectsin recent
years, including studies of belugawhale feeding
habitats in the Arctic and benthic response to
early season deposition of algae in the Chukchi
Sea. During the Chukchi Sea expedition the Coast
Guard Cutter Polar Sea cut a path through the
Arctic ice and provided openings so that an ROV
provided by WC& P could obtain seafloor sam-
ples. The underside of the ice pack was found to
be home to dense mats of algae that fall to the bot-
tom and feed athriving seafloor community. Bac-
teriawere collected in a search for new drugs.
Water, biota, and ice samples provided data on
carbon dioxide sea—air exchange to help under-
stand the global carbon cycle and climate change.

Objectives

* Increase our understanding of the relationship
of finfish and shellfish to particular habitats
and improve population estimates,

» Study shelf and slope ecology, particularly
important biological processes and the physi-
cal and biogeochemical processes that accom-
pany them;

» Study tectonic environments, such as hot spot
effects, fracture zones, and propagating rifts,
including the ecology and chemical character-
istics;

* Study the fishery potential of seamounts,
where unique biological communities have
devel oped due to a combination of isolation,
bathymetry, and ocean current regime, and
search for cluesto the causes of intra- and
interannual variability of fish stocks; and

» Using acoustic propagation, perform physical
oceanographic studies of biological activity
under theiceinthe Arctic, particularly light
and chlorophyll studies, coupled with studies
of the biological communities and ecosystem
dynamics under ice and in areas covered sea-
sonally by ice.

3.3 Atmosphere and Climate

3.3.1 Upper Atmosphere and
Near-Earth Space Physics

The goal of thisresearch isto study upper
atmospheric and near-Earth space phenomena
unique to the Arctic regions. These include the
aurora, particle precipitation, auroral convection
and currents, polar mesospheric clouds, Joule
heating, and geomagnetic storms and substorms.
These phenomena are intimately linked to the
Arctic environment and culture, particularly as
Arctic inhabitants become more dependent on
modern technology and the Arctic economy
becomes more firmly planted in technical systems.

Many of these phenomena are driven by parti-
cles and fields originating on the sun. Particles
from the sun impact Earth’s magnetosphere, which
is connected to the upper atmosphere and iono-
sphere through magnetic field lines that converge
in the polar regions. A large fraction of the energy
entering the magnetosphere is deposited in the
polar upper atmosphere with dramatic conse-
guences. Strong currents can disrupt electrical
power systems and cause accelerated erosionin

oil pipelines. Magnetic perturbations jeopardize
the accuracy of mining exploration technology.
Arctic ionospheric disturbances interrupt the
performance of GPS navigation systems, surveil-
lance systems, and high-frequency radiowave
propagation.

The state of the space environment near Earth
and its response to solar inputs has come to be
known as space weather. The study of Arctic phe-
nomenarepresents acritical element in under-
standing the way the space weather system works.

The Arctic region is also extremely sensitive to
atmospheric changes associated with global
warming. Ongoing research is showing that the
sensitivity of the Arctic upper atmosphere to
climate change provides an effective meansto
monitor long-term variations of the atmosphere.
Warming of the atmosphere at lower altitudes
occurs in conjunction with cooling of the upper
atmosphere, a change that is believed to be mani-
fested in the increasing occurrence rate of polar
mesospheric clouds. Changesin the thermal struc-
ture of the upper atmosphere have also produced a
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measurable change in the height of ionospheric
layers. These effects are being studied intensively
as part of the U.S. Globa Change Research
Program.

Objectives

* Observe the global-scal e response of the
polar regions through a coordinated program
involving apolar network of ground-based
optical, radio, and magnetic observatories and
space-based measurements;

* Develop special research tools to address key
problems, including establishing a Relocat-
able Atmospheric Observatory and upgrading
the existing incoherent scatter radars, the
array of HF radarsin the Arctic, and the
arrays of optical, radio, and magnetic remote
sensors, and also including establishing a
coordinated rocket program, promoting the
use of special facilities, and making use of
research aircraft;

» Maintain active theoretical programs and pro-
mote the evolution of models to describe the
unique physics of the atmosphere and iono-
spherein Arctic regions;

» Understand solar phenomenathat affect
Earth’senvironment;

« Understand electromagnetic waves, fields,
and particlesin near-Earth space; and

» Develop an understanding and the ability to
make long-term predictions of radio-wave
propagation in and through Earth’siono-
sphere.

3.3.2 Climate and Weather

The outstanding characteristic of the Arctic
climate and weather isits dramatic variability in
clouds, radiation, and surface heat exchange.
Most projections of future climate change suggest
that high-latitude regionswill incur the greatest
temperature fluctuations. Research is needed to
clarify theimpact of potential change and to
address Arctic weather problems occurring on a
variety of spatial and temporal scalesthat range
from microscale to global. A major need isfor
accurate regional and local weather forecasts,
especially to predict such hazardous weather phe-
nomenaas Arctic lows, storm surges, icing condi-
tions, and fog, which can affect human activities.

Objectives
* Develop an Integrated Arctic Climate Studies
Program as part of the USGCRP, including
studies of climate effects on Arctic indige-

nous people and biological resources, and a
systematic program of intercomparison
between observations and modeling results,
focused on the Arctic radiative balance, cloud
processes, and their effects on local, regional,
and global climate;

* Understand the extent to which Arctic climate
variations are amplified signals derived from
elsewhere or are generated locally as aresult
of the sensitivities of the regional environ-
ment;

 Understand whether, how, and with what
result Arctic climate anomalies propagate to
middle and lower latitudes;

* Quantify snow cover and ice feedback mech-
anismsthat amplify climate change at high
latitudes, quantify high-latitude terrestrial ice
and snow changes, and consider their effects;

* Quantify land and sea surface-atmosphere
momentum and both sensible and latent heat
exchanges, and model the role of surface—
atmosphere interactionsin influencing meso-
scal e tropospheric and stratospheric dynam-
ics, and

» Develop a“testbed site” on the North Slope
of Alaskafor making atmospheric radiation
measurements to improve mathematical simu-
lations of cloud and radiative transfer pro-
cessesin general circulation models (GCMs)
as part of the USGCRP.

3.3.3 Tropospheric and
Sratospheric Chemistry and
Dynamics

The Upper Atmosphere Research Program
(UARP) and the Atmospheric Chemistry Model-
ing and Analysis Program (ACMAP) arethe
experimental and modeling components, respec-
tively, of NASA'sresearch program to study the
upper atmosphere. Together, they aim at expand-
ing our scientific understanding so asto permit
both the quantitative analysis of current perturba-
tions as well as the assessment of possible future
changesin thisimportant region of our environment.

With respect to the Arctic, UARP and ACMAP
strive to understand the greater frequency of sub-
stantial stratospheric ozone loss in recent winter/
spring seasons and thereby devel op a prognostic
ability to assessthe likelihood of continuing ero-
sion of ozonein the Arctic stratosphere over
future decades. Research studies within any one
winter are designed to explore avenues of distinct
T,Cl,, NOy, DO, embedded in the Arctic vortex



that are representative of the different Arctic win-
ter conditionsthat are likely to occur during the
next decade or two of peak vulnerability of strato-
spheric ozoneto destruction catalyzed by halogen
chemistry. Such exploration will enable usto define
the response of the chemical system to changing
boundary conditions of T, H,O, etc., thereby pro-
jecting the longer-term response of Arctic strato-
spheric ozone to climate change forcings.

Within the next year, two additional satellite
instrumentswill be launched that have a primary
objective of continuing trends quality datafor
both the total 0zone column and the ozone profile.
SAGE Il isafourth-generation instrument and a
crucia element in NASA's Earth Observing
System (EOS). Thefirst of three flights of the
SAGE Il instrument currently planned will be a
flight aboard a Russian Meteor-3M platformin
early 2001. SAGE Il1/Meteor will bein asun-
synchronous polar orbit that provides primarily
high-latitude measurements via solar occultation.
The primary scientific objective of the three
SAGE Il missionsisto obtain high-quality global
measurements of key components of atmospheric
composition. Its mission isto enhance our under-
standing of natural and human-derived atmo-
spheric processes by providing accurate long-term
measurements of the vertical structure of aerosols,
ozone, water vapor, and other important trace
gases in the upper troposphere and stratosphere.
These measurements are vital inputsto the global
scientific community for improved our under-
standing of climate, climate change, and human-
induced ozone trends.

The QuUikTOM S mission (also planned for
launch in 2001) is designed to continue daily
mapping of the global distribution of the earth’s
total column of atmospheric ozone with Total
Ozone Mapping Spectrometer Flight Model 5
(TOMS-5). TOMS-5 was scheduled to be

launched in the year 2000 aboard the Russian sat-
ellite Meteor-3M (2), but the Meteor-3M (2)/
TOMS-5 mission was terminated in April 1999.
Because of the timeliness requirement of ozone
monitoring, NASA had to formulate anew mis-
sionto fly TOMS-5 in a short time. The continu-
ous observation of the global ozone past the year
2000 is critical for monitoring the expected recov-
ery of ozone aslevels of chlorofluorocarbons
(CFCs) decrease from their current maximum as a
result of the Montreal Protocol limits. Thus, it will
play acritical role in tracking the annual changes
of ozone in the Arctic stratosphere.

Objectives

* Understand the chemical, physical, and trans-
port processes of the upper troposphere and
the stratosphere and their control on the dis-
tribution of atmospheric species such as
0zZOone;

» Assess possible perturbations to the composi-
tion of the atmosphere caused by human activi-
tiesand natural phenomena (with specific
emphasis on trace gas geographical distribu-
tions, sources, and sinks and the role of trace
gases in defining the chemical composition of
the upper troposphere and the stratosphere);

» Understand the processes affecting the distri-
bution of radiatively active speciesin the
atmosphere and the importance of chemical—
radiative—dynamical feedbacks on the meteo-
rology and climatology of the stratosphere
and troposphere;

» Understand ozone production, loss, and
recovery in an atmosphere with increased
abundances of greenhouse gases; and

« Conduct modeling analyses and observations
to understand the influence of Northern
Hemisphere boreal forest fires on the Arctic
atmosphere.

3.4 Land and Offshore Resources

3.4.1 Energy and Minerals

The geologic framework of the Arcticisvery
poorly known because of the complexities of its
geologic setting, its remoteness, and itsrelative
lack of exploration. The remote frozen environ-
ment requires long lead times for energy and min-

eral development. Additional information is nec-
essary to allow the discovery, assessment, and
mapping of new and dependable sources of ail,
gas, coal, and strategic minerals. These resources
are important for national security and indepen-
dence, aswell asfor local use and economics.
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Objectives

« Continue systematic mineral appraisal activi-
ties and expand programs to provide periodic
assessments of the undiscovered oil and gas
and strategic mineral resourcesin the Arctic
on both broad and local scales;

» Evaluate unconventional energy resources
(for example, heavy ail, tar sands, gas
hydrate, solar, and wind);

* |dentify energy and mineral resourcesfor
local use;

* Use new technologies to develop amore
modern and complete geologic database,
increase geol ogic mapping, expand modeling
efforts, and design derivative maps to address
broader earth-science questions; and

* Evaluate the economic, environmental, cul-
tural, and social implications of resource
extraction and transport.

3.4.2 Coastal and Shelf Processes

Erosion rates are extremely high along the
Alaskan Arctic coast, where seaice and perma-
frost are common. Specific questions about where
to build causeways, man-made islands, and other
structures can be answered only after basic pro-
cessinformation is collected, interpreted, and
analyzed carefully. Studies of coastal erosion and
sediment transport in the Arctic are needed to
understand the long-term history of the coastal
areain order to intelligently manage the coastal
region. Study of archeological sites can provide
important information on the history of coastal
platforms, erosion rates, and land—shelf inter-
actions.

Objectives

» Map beach, littoral, and nearshore sediment
and subsea permafrost and determine its
associated physical and chemical properties;

» Define the processes controlling the forma-
tion and degradation of the seasonally frozen
seafloor;

* Implement long-term measurements of tides,
winds, waves, storm surges, nearshore
currents, sediment distribution patterns, and
archeological sitesto understand coastal
erosion and sediment transport processes,
and

* Investigate the direct and indirect effects of
ice on coastal erosion (the influence on waves
and currents) and on sediment transport (con-
tact with beach sediments, keel gouging, and
entrainment in frazil ice).

3.4.3 Terrestrial and Freshwater
Soecies and Habitats

The Arctic supports many unigue species of
birds, mammals, fish, and plants, which are
important resources to the Nation, aswell asto
Alaska Natives. Some of these resources are har-
vested commercially or for subsistence purposes
(for example, food, shelter, fuel, clothing, and
tools), and others provide recreation. To assure
that biological resources are protected for future
generations, management agencies must have
adequate data and information on the biology and
ecology of these species, aswell asinformation
on environmental attributes of importance to vital
biological processes (for example, feeding and
breeding).

Objectives

» Determine the history, abundance, biodiver-
sity, and distribution of fish and wildlife popu-
lations and identify their habitat requirements;

* Develop new techniques and technologies for
studying and managing biological resources
in the often-remote and cold-dominated
Arctic environments, including recovery of
ecosystems damaged by wildfires and other
natural and human-induced causes; and

* Improve methods for detecting and determin-
ing the effects of human activities on the
environment and identify measuresto
mitigate the declines of Arctic biological
resources and the destruction of habitats.

3.4.4 Forestry, Agriculture,
and Grazing

Enhanced knowledge of Arctic and sub-Arctic
ecosystems, their controlling processes, and pro-
ductivity will lead to improved forest, cropland,
and soil management practices for sustaining
renewabl e resource productivity. The goals are to
promote sel f-sufficiency and economic benefits
for local inhabitants.

Objectives

» Sustain aresearch program covering northern
boreal forest ecosystems and their controlling
processes, focusing on forest landscape and
stream ecosystem sustainability and long-term
productivity in the face of episodic disturbance,
global change, and atmosphere, landscape,
forest, stream, and management interactions;

» Conduct soil and plant science research to
enhance management practices in the face of
devel opment and low-temperature, perma-



frost, and wildfire impacts;

* Prepare coordinated soil resource information
(maps and databases) of the Arctic circum-
polar region and continue to coordinate this
effort with China, Russia, Canada, and
Finland;

 Conduct animal science research focused on
integrated pest management and Holarctic
ruminant parasites; and

* Provide technology for enhancing the eco-
nomic well-being and quality of life at high
latitudes.

3.5 Land-Atmosphere-\\ater

3.5.1 Glaciology and Hydrology

The Program for Arctic Regional Climate
Assessment (PARCA) isaNASA project with the
goal of measuring and understanding the mass
bal ance of the Greenland ice sheet. Primarily
remotely sensed data have been used in the
project, complemented by targeted in-situ mea-
surements, primarily on ice cores and at automatic
weather stations (AWS).

Before PARCA, we could not determine whether
the ice sheet was increasing or decreasing in vol-
ume, and mass-balance errors were equivalent to a
thickness change of about £10 cm/yr for the entire
ice sheet. Since then, repeat surveys by satellite
radar altimeter (1978-1988 and 1992—-1999) and
by aircraft laser altimeter (1994-1999), and vol-
ume-bal ance estimates from comparison of total
snow accumulation with total ice discharge, all
show that the entire region of the ice sheet above
about 2000 m in elevation has been closeto in
balance (within 1 cm/yr) for at least the past few
decades but with smaller areas of quite rapid
change that can largely be explained by temporal
variability in snow accumulation rates. Some
areas, however, appear to be undergoing large
changes, which may be ongoing adjustmentsto
events since the last glacial maximum or they may
indicate changes that began only recently. In par-
ticular, most surveyed outlet glaciers are thinning
in their lower reaches, and alarge area of ice sheet
in the southeast has al so thinned significantly over
the past few decades, at rates that increase to more
than 1 m/yr near the coast. Only part of thisthin-
ning can be explained by increased melting associ-
ated with recent warmer summers, indicating that
ice discharge vel ocities must aso have increased.

Future PARCA research will addressthese
issues, focusing on near-coastal snowfall and abla-
tion and on the dynamics of thinning outlet glaciers.
Thiswork will also help prepare for the interpreta-
tion of future measurements of elevation change
by the Geoscience Laser Altimeter System (GLAYS)

| nteractions

aboard NASA's ICESAT, to be launched early in
2002. For example, in addition to understanding
coastal thinning, amajor goal of future PARCA
research will be the development of models that
reliably hindcast temporal variability in snowfall
and surface ablation over theice sheet, using anal-
yses from operational weather-forecasting models
to provide ongoing maps of accumulation and
ablation rates over both polar ice sheets. Thiswill
best be achieved by developing appropriate capa-
bilities for Greenland, where the existing database
isfar richer than for Antarcticaand where the
acquisition of new data can be both rapid and at
low cost.

NASA has also supported an assessment of the
current state of balance of major Canadian ice
caps. This makes use of survey work from the
mid-1990s, from which changes in surface topog-
raphy can be assessed. Initial resultsindicate that
all of theice caps for which analyses have been
completed show some signs of thinning, primarily
at the edges. Not all data from each of the ice caps
have been analyzed yet, but the level of thinning
is consistent with what has been observed in the
more temperate regions of the Greenland ice
sheet.

Future NASA plansfor research on the Cana-
dian ice capsinclude continued analysis of eleva-
tion change characteristics, an examination of the
temperature and accumulation history of the last
several decades using coastal and in-situ data, and
adetermination of the level of imbalance of the
ice caps as awhole.

The effect of the northwest North American
glacier system covering Alaska and western Can-
ada on sealevel remains poorly know. NASA has
been estimating the mass balance of the largest
glaciers and icefields bordering the Gulf of Alaska
using SAR imagery, combined with small-aircraft
laser altimetry and adigital elevation model of
Alaska. The study has also involved simulating
the mass balance of these glaciers over the longest
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time scales for which low-altitude temperature
and precipitation data are available from nearby
coastal communities, using a precipitation—
temperature—area—altitude (PTAA) mass balance
model calibrated with the altimetry results. There
has al so been a simulation of the freshwater runoff
into the Gulf of Alaskafrom these glaciers and the
changes in runoff through time, from early inthe
20th century to the present. The results to date
indicate that the Seward—-Malaspinaglacier sys-
tem alone accounted for about 0.4% of the mean
global sea-level rise (1.8 mm/yr) observed during
thistime period. The long-term goal of this
project isto estimate the increasesin the fresh-
water contributionsto the Alaska Coastal Current
caused by negative glacier mass balances around
the entire Gulf of Alaska, aswell as the contribu-
tion torising sealevel caused by melting and thin-
ning of these glaciers and icefields.

3.5.2 Permafrost, Landscape,
and Paleoclimate

Additional knowledge is heeded about the tem-
perature, distribution, thickness, and depth of per-
mafrost throughout all geomorphic provinces of
the Arctic, including the continental shelf. Modern
geologic processes that are responsible for the
present morphology and land surface need to be
better understood.

Objectives

» Undertake a comprehensive program to
extract paleoclimatic records from permafrost
terrains and | ake sediments;

* Reconstruct the late Glacial and Holocene
climate history in the Arctic viaborehole
monitoring and other technology;

* Improve the ability to assess and predict the
degree and rate of disturbance and recovery
of permafrost terrain following natural or
human-induced changes,

* Improve our understanding of the effects of
thawing of permafrost on the hydrology, eco-
system characteristics, and productivity of
boreal forest ecosystems;

» Model the response of the hydrologic and
therma regimes of the active layer and perma-
frost to greenhouse-gas-induced warming in the
Arctic and sub-Arctic at different locations;

* Provide information on the moisture and ther-
mal regime of the active layer and on degra-
dation of permafrost due to climate warming;

* Develop results leading to the ability to
predict future climate-induced changesto the

Arctic landscape;

» Understand how possible climate-induced ater-
ationsto permafrost systems may influence
carbon metabolism, turnover, and storage; and

* Reconstruct the late Glacial and Holocene
climate history inthe Arctic.

3.5.3 Ecosystem Sructure,

Function, and Response

The Arctic is expected to be especially sensi-
tive to the effects of possible global changes and
contaminant transport and deposition on terres-
trial, freshwater, marine, and atmosphere environ-
ments. Research is needed to improve our under-
standing of theinfluence of climate on land and
freshwater processes and vice versa. Resource
managers and decision makers need reliable envi-
ronmental impact and health risk assessments.

Topics of particular importance include heat
bal ance relationships, landscape ateration,
impacts of wildfire, identification of biological
indicators of change, development of a basis for
(and clarification of) current and recent contami-
nant levels, sources and sinks of carbon and trace
gases, and long-term trendsin biological diversity.

Objectives

« Distinguish ecological changes dueto natural
causes from changes due to human activities
and eval uate management techniques for the
conservation and restoration of ecosystems;

* |dentify and evaluate the responses of key
biological populations and ecol ogical
processes to increased CO,, and to different
climatic conditions; monitor the changesin
ecotone boundaries, which might serve as
integrative indicators of change; and select
biological indicators for usein amonitoring
program designed to detect, measure, and
predict the extent of change;

* Provide opportunities for international coop-
eration at Long-Term Ecological Research
sitesand biologica observatoriesin the Arctic;

« |dentify factors contributing to reductionsin
regional and global biological diversity;

* Integrate process, community, ecosystem, and
landscape features into a dynamic description
that isrealistically linked to both finer and
coarser scales of resolution;

* Determine the CO, flux from tundraand the
responses of vegetation to elevated levels of
CO,; and

» Determine the environmental factors control-
ling methane fluxes.



3.6 Engineering and Technology

Engineering and technology provide one of the
best and possibly most direct avenues for improv-
ing and extending the infrastructure so critical to
quality of lifein the Arctic. In addition, enhanced
engineering capabilities and advanced technolo-
gies can make crucia contributions to addressing
environmental quality challengesand achieving
environmentally sustai nable devel opment of natu-
ral resources. The harsh and unique environment
of the Arctic makes advancement in these areas
particularly difficult and limits the ability to sim-
ply borrow or evolve the engineering and technol-
ogy advances developed for nonpolar conditions.
Only concentrated, specific effortswill produce
the advanced technical capabilitiesthe Arctic
requires. Engineering and technology develop-
ment programs that address the priority Arctic
engineering research needs are necessary to sup-
port these efforts.

Recent concerns of Arctic infrastructure dam-
age due to permafrost degradation have high-
lighted the inability of current engineering and
technology design criteriato address changesin
the permafrost foundation over the life cycle of
these structures. These deficienciesimpact the
existing infrastructure in Alaska (where warming
isoccurring at afaster than expected pace), and
future Arctic building programs, including struc-
tures such as roads, pipelines, buildings, airfields,
and hazardous material storage tanks. These
same concerns have been raised regarding the
exposure of other cold-regions nations to this
threat, particularly in the former Soviet-block
countries.

Cooperation between government agencies,
academia, and the private sector provides an
excellent opportunity to leverage resources and
assure that the advanced technologies devel oped
by government and academia can be practically
and effectively applied. Development of goals that
meet both commercia and technological interests
will help assure that technol ogies devel oped will
move rapidly into the marketplace.

Objectives
* Develop engineering data and criteriafor
building, operating, and maintaining strategic
and operational facilities and infrastructurein
the Arctic, including the effects of permafrost
degradation;
* Ensure that current engineering practices

include assessment of potential impacts of
warming climate on permafrost and other
Arctic systems commensurate with the design
life of the projects;

* Provide the capability to conduct logistics
operations and research support and develop-
ment in the Arctic;

 Undertake assessment of the potential impact
of weather changes associated with climate
warming on transportation and maintenance
of lines of communications;

« Develop environmentally compatibl e engi-
neering technologies for the Arctic;

» Develop enhanced understanding of cold-
regions performance of new structural materi-
alsand systems;

* Provide design criteriafor ship operationsin
ice-infested waters;

* Provide mapping and prediction of ice condi-
tions, along with Gl S-based monitoring sys-
tems, for port and harbor management;

* Provide engineering data and criteriafor
water resources activities and environmental
impact permitting;

* Provide GI S database and mapping capability
for land use, water resources, and monitoring
of environmental degradation;

* Ensure that the best available, safest, and
pollution-free technologies are used in the
development of oil and gasin the Arctic and
outer continental shelf;

« Ensure, through technology transfer and ret-
rospective case studies, that future resource
exploration and development in the Arctic
take advantage of both tried and proven meth-
ods, aswell asincorporating innovative new
technol ogy with minimal environmental
impact;

* Provide enhanced engineering criteriaand
techniquesto use naturally occurring materi-
als, such as snow and ice, for ice road and
island construction, reducing costs and mini-
mizing environmental impacts;

» Develop methods for mining and mine clo-
sure that are environmentally compatiblein
Arctic environments;

 Advance the technology for recovering fossil
fuelsinthe Arctic, including onshore extrac-
tion and production methods;

* Develop criteriafor exploitation of frozen
ground conditions to minimize environmental
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impact (tundra snow and ice roads) and
enhance system performance (for example,
ground-penetrating radar);

* Prevent the discharge of oil, chemicals, and
other hazardous material sinto the marine
environment;

* Ensure quick, effective detection and cleanup
of pollution discharges;

* Provide the ahility to predict and map move-
ment of pollutantsin ice-infested waters;

* Develop Arctic-appropriate cleanup technol o-

giesfor contaminants and remediation of sites
resulting from past military and resource
development;

» Evaluate enhanced marine transportation for
resupply of coastal and Arctic villages;

* Develop and maintain effective surface trans-
portation and air support facilitiesin the
Arctic; and

 Develop mechanisms for technol ogy transfer
between government, academia, and private
industry.

3.7 Social Sciences

The historic, current, and future presence of
human populations in the Arctic has made the
social sciences atop priority and avaluable tool
for Arctic research. How have various groups
adapted to environmental, economic, and social
change? What predictions about future adapta-
tions can be made on the basis of the historic and
prehistoric record? These are just afew examples
of questionsthat arise when considering therole
of societiesin Arctic research. In addition, Arctic
communities have themselves become active part-
nersin research projects responding to local needs
and concerns.

In an effort to coordinate research plans among
Federal agencies, an Interagency Arctic Social
Sciences Task Force was established within the
Interagency Arctic Research Policy Committee
(IARPC). The Task Force prepared and imple-
mented a Statement of Principles for the Conduct
of Research in the Arctic, which addresses the
need for improved communication and increased
collaboration between Arctic researchers and
northern people. The principles have fostered
greater awareness of local concerns among Arctic
researchers and have helped to place ahigh value
on the full participation of Arctic residentsin
research and environmental issues.

International Arctic Social Science
and Health Research

International scientific organizationsthat have
recognized theimportance of Arctic social sciences
include the International Arctic Socia Sciences
Association (IASSA), the International Arctic Sci-
ence Committee (IASC), and the International
Union for Circumpolar Health (IUCH). The U.S.

has actively participated in these organizations.

The Arctic Council also admitted two new
indigenous groups, the Arctic Athabaskan Council
and the Gwich'in Council International, as Perma-
nent Participants. They join the Aleut International
Association, the Inuit Circumpolar Conference,
the Saami Council, and the Russian A ssociation of
Indigenous Peopl es of the North (RAIPON),
bringing the number of Permanent Participants on
the Council to six. RAIPON was elected to
replace the Saami Council as chair of the Board
of the Indigenous Peoples Secretariat in Novem-
ber 2000.

The program of the Arctic Council’s Sustain-
able Development working group dependsin part
on the work of social science research. Research
is at the heart of the Survey of Living Conditions
in the Arctic: Inuit, Saami and the Indigenous
Peoples of Chukotka. The Arctic Telemedicine
project, the International Circumpolar Surveil-
lance project on infectious diseases in the Arctic,
and the project on Arctic Children and Youth all
depended, in part, on the contributions of social
science research. The Council anticipates that
additional projects underway on timberline for-
ests, capacity building, reindeer husbandry, and
ecological and cultural tourism will benefit from
the contributions of social science research.

Social scienceresearch isalso asignificant
contributor to the environmental protection agenda
of the Arctic Council. Social science research, for
example, isan integral component of the new Arc-
tic Climate |mpact Assessment (ACIA) and an
element of the monitoring programs for toxic
pollutants under AMAP's subgroup on Human
Health.



Social and Health Sciences

NSF continues to provide support for peer-
reviewed research projects dealing with decision,
risk and management frameworks, risk and health
perceptions, co-management of resources, and
collaborative research with indigenous communi-
ties. Arctic social scientists work with Arctic com-
munitiesin acollaborative fashion. For example,
NSF's Arctic Social Sciences Program contributed
to the establishment of the Alaska Native Science
Commission, an organization that provides essen-
tial linkages between researchers and local com-
munities, facilitating communication and coopera-
tion. The Arctic Social Sciences Program has
partnered with the Arctic Research Support and
L ogistics Program to support along-term data
collection and archive project by the Calista
Elders’ Council focusing on traditional Yup'ik
knowledge and culture.

NSF plans to continue to emphasize the part-
nership approach in the Arctic through enhanced
outreach to Arctic communities, recognizing that
cooperative community relations and education
form acentral tenet of responsible research conduct.

Human Dimensions of Global Change

The NSF supports opportunities for research
on the Human Dimensions of Global Change
(HDGC). HDGC research focuses on the inter-
actions between human and natural systems, with
emphasis on the social and behavioral processes
that shape and influence those interactions.
NOAA's Economics and Human Dimensions pro-
gram supports research investigating human
responses to variationsin the climate system. The
program currently focuses on the potential use and
constraints to the use of climate forecast informa-
tion for decision making across a range of sectors.
Although NOAA's Economics and Human Dimen-
sions program does not focus on any particular
region, the role of indigenous knowledge and how
it might interact with newly developed climate
forecast information, as well asthe waysin which
Native communities adapt to their regional cli-
mate, is of interest to the program. The Human
Dimensions of the Arctic System (HARC) initia-
tive, launched under the NSF Arctic System Sci-
ence program, will focus on the dynamics of link-
ages between human popul ations and the biolog-
ical and physical environment of the Arctic, at
scales ranging from local to global. HARC
research examines current and potential impacts
on human activity that may be expected to occur
in response to global change.

Education, Training, and Outreach

NSF and Federal agencies are committed to
training young scientists and to developing educa-
tional componentsthat link social scientists with
students and other members of Arctic communi-
ties. The Smithsonian I nstitution conducts
research and education programs in the North
Pacific, Russia, Canada, and the North Atlantic
region and provides museum and exhibit training
in Washington, D.C., and Anchorage, Alaska. In
the summer of 2001 anew exhibition on Alutiiq
culture of Kodiak Island will open in Alaska and
tour for two years. Finally, the massive millenni-
um exhibition, “Vikings: the North Atlantic
Sagas,” which opened in Washington in mid-
2000, hastraveled to New York and will tour to
Denver, Houston, Los Angeles, Ottawa, and Min-
neapolis through 2003. In addition to catal ogues
for these exhibitions, anew Arctic Studies Center
publication series, Contributions to Circumpolar
Anthropology, has been initiated and will include
an English translation of amaterial culture atlas of
Siberia, aNative history of the Bering Strait
region, and archival studies of the Jesup North
Pacific Expedition and works on the Yamal, Sibe-
rian archaeology, and the history of Eastern Arctic
archaeol ogy.

Programs such as NSF's Faculty Early Career
Development (CAREER) program support inno-
vative research and teaching by junior faculty
members. Dissertation Improvement Grants,
available through NSF's Arctic Social Sciences
Program, support graduate studentsin their Ph.D.
research projects. Research Experience for Under-
graduate (REU) supplements and sites provide on-
site research training to college and university
students. The Teachers Experiencing the Arctic
(TEA) program links secondary school teachers
with Arctic scientists to form research teams and
bring Arctic research experiences into the second-
ary school classroom.

NSF encourages community outreach and edu-
cation through supplementsto visit local commu-
nities and schooals, develop and share instructional
materials, involve studentsin research projects,
and disseminate research resultsto alarge audi-
ence. Small Grants for Exploratory Research
(SGER) can be used for exploratory or high-risk
projects that require community endorsement
before researchers can make definite plans.

The RAPS (Resource Apprenticeship Program)
of the Department of the Interior has provided
summer jobs for Alaska Natives through the NPS,
BLM, and FWS. Other programs, such asthe
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Cooperative Education Program and the NOAA
Sea Grant Program, also support studentsin Alaska.
The BLM Heritage Education National Program
is developing materials on archaeological and his-
torical placesin Alaskato support education of
America’s children and to foster a sense of stew-
ardship of cultural heritage. The USDA Forest
Service has participated in an increasing number
of programs within the region to promote Alaska
Archaeology Week activities (lectures and field
trips) and other opportunities for education that
foster stewardship and the conservation of heri-
tage resources. The Forest Serviceis continuing a
comprehensive program of cultural resource pre-
sentations, subsistence awareness sessions, and
site monitoring and protection. The Forest Service
will continue to sponsor multicultural educational
opportunitiesinvolving Native and local commu-
nities, as well as the diverse range of National
Forest visitors.

Resources Management

Over 66% of the area of Alaskais managed by
Federal agencies. Cultural and natural resources
are protected by law, and good management can
only be built on accurate baseline data. Although
cultural resources, historic and prehistoric sites,
artifacts, and landscapes require documentation
and protection, renewabl e resources, especially
fish and game, are also culturally defined through
subsistence needs. In 1989, Alaska's subsistence
laws were declared unconstitutional because they
discriminated against non-rural residents. Asa
result, Federal land management agencies
assumed responsibility for subsistence manage-
ment on Federal lands. The DOI Fish and Wildlife
Service (and its Office of Subsistence Manage-
ment) isthe lead Federal agency in this responsi-
bility. Subsistenceis defined asfulfilling both
household economic needs and cultural needs,
including social communication, food sharing, and
maintenance of cultural knowledge and identity.
Management of marine resources, such as fish and
most species of marine mammals, is led by the
DOC National Marine Fisheries Service.

3.7.1 Cultural Resources

The Arctic isamajor repository of human
experience. Archaeological remains go back some
15,000 years, providing arecord of human adap-
tation to environmental change of unparalleled
richness. The Arctic is a'so home to numerous
indigenous cultures, some of which arerapidly
losing their traditional lifeways, languages, and

cultural heritage. Thistraditional and local know!-
edge base can provide long-term information
about northern ecosystems and wildlife, of consid-
erable valuein resource management.

The fact that many agencies have similar
administrative and management structures and
mandates suggests that excellent opportunities
exist for interagency cooperation. The Smithsonian’s
Arctic Center officein Anchorage has produced co-
operation with severa other government agenciesin
avariety of research and programmatic activities.

The National Park Service and the Smithsonian
have been working together in Anchorage for sev-
eral yearson regional archeological assessments,
and S| cooperation with NSF and NEH has result-
ed in several important exhibitions and publica-
tions. A number of agencies support research on
archaeology, history, and Native culture (BIA,
BLM, USFS, NPS, SI, NSF). Finds of artifacts
and bones give evidence of past economies and
baseline data for pollution monitoring, and histori-
cal and ethnographic descriptionstell of more
recent conditions. Coastal resources (fish, seals,
walrus, whales) supported the largest human pop-
ulationsin Alaska, and changing shorelines and
maritime conditions are reflected by these sites.
An example of one such site that is changing our
view of human—environment interactionsin the
Arcticisfound on Zhokov Island in the northern
Laptev Sea. This 8000-year-old site is being exca-
vated by Smithsonian and Russian scientists. The
island seems to have been an early Holocene ther-
mal “oasis’ that supported early human lifeand a
biota warmer than that of the present day, at a
time when much of the Arctic was still buried
under continental ice.

Objectives

» Document and analyze the origins and trans-
formations of Arctic cultural systems, ethnic
groups, and languages;

* Study and analyze traditional knowledge
systems, resource uses, and subsistence eco-
nomics,

» Research paleoenvironmental changes,
including ancient sealevels, in concert with
cultural historical investigations; and

* Help devel op explanatory modelsintegrating
cultural systemswithlocal, regional, and
global environmental changes.

Repatriation
Repatriation has also become amajor priority
for museums and research institutes since the pas-



sage of NAGPRA (Native American Graves Pro-
tection Act) in 1990. This act requires Federal
agenciesto document Native American human
remains, associated grave goods, and items of
“cultural patrimony.” Agencies must report their
holdings of such materialsto Native American
groups and consult about their repatriation. The
National Park Service hasamajor rolein
NAGPRA for coordination and guidance at the
national level. It can be expected that repatriation
will beamagjor effort for at least a decade.
Repatriation at the Smithsonian has resulted
in returns of most of its collections of human
remains from Alaska, and consultations are begin-
ning with regard to cultural objects. At the same
time anew program, the Smithsonian Alaska Col-
lection Project, has been initiated by the Arctic
Studies Center. The project will involve consulta-
tion with various groups of Alaska Natives over
cultural materialsthey would like to see brought
to the Arctic Studies Center office in Anchorage
for study, exhibition, and publication on the
Internet.

3.7.2 Rapid Social Change
and Community Viability

Theimpacts of technological and economic
devel opment on northern societies, both Native
and non-Native, have been profound. While stan-
dards of living have often been improved, there
has been a concurrent loss of traditional cultural
values. Chronic unemployment, family violence,
substance abuse, and societal breakdown in gen-
eral have reached epidemic proportions. One key
to recovery isthe facilitation of increased local

control of land, resources, social institutions, and
education. All acrossthe Arctic, including Alaska,
there are demands for greater political autonomy.
While thiswill add greatly to northern community
empowerment, success will ultimately depend on
economic viability and the balancing of develop-
ment with ecologically sound policies. Within
these contexts, subsistence hunting and fishing is
amajor factor in northern socioeconomics.

One of the recent |osses contributing to com-
munity instability liesin the area of historical
knowledge. While the elders remain important in
transmitting knowledge, much information on the
past two centuries of community history liesin
museums and archives far from northern villages.
With NSF assistance, the Smithsonian has been
pioneering new methods of “knowledge repatria-
tion” on St. Lawrence Island, through collabora-
tive identification, publication, and local dissemi-
nation of historical community records that have
never before been available to village residents.

Objectives

* Gain insight into the short-term and long-term
effects of rapid social change on Arctic
cultures and societies;

* Develop culturally relevant educational
programs;

» Develop practical applications of social and
behavioral scienceto benefit Arctic residents;

» Determine linkages between social and
behavioral science and health; and

» Determine ecol ogical thresholds asthey relate
to economic devel opment and community
viability.

3.8 Health

Health can be defined as a combination of
physical, psychological, social, and spiritual well-
being. Unique cross-cultural interdependencies
due to harsh environmental conditionsin the Arc-
tic highlight this definition. Consequently Arctic
health research must take into account complex
human and environmental interactions.

Health research in the Arctic focuses on
basic and applied biomedical topics (such as
molecular biology and genetics), the effects of
cultural change on Native populations, the epi-

demiology of disease, adaptations of humans to
extreme environmental conditions, environmen-
tal health risks, contamination, and health care
delivery in remote and isolated communities.
Health concernsin the Arctic are intimately
linked to international health issues. Western
culture can impact Native people adversely by
introducing lifestyle and dietary changes and
new infectious agents. Research designed to
study these effects and techniques for disease pre-
vention is urgently needed. Health research in the
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Arcticisdone, individually or collaboratively, trol activities that benefit all Arctic people;

by the Centers for Disease Control and Preven- » Establish, enhance, and maintain surveillance
tion, the Indian Health Service, the National systems of health eventsimpacting Arctic
Institutes of Health, and the Department of populations to allow timely and focused inter-
Defense. Nonclinical research on social and ventions and the monitoring of intervention
behavioral aspects of health is supported by the effectiveness;
National Science Foundation’s Arctic Social » Establish, enhance, and support basic and
Sciences Program. (For more information, see applied research for the purpose of improving
Section 2.3.) health through biomedical and behavioral
research programs; and
Objectives » Establish, enhance, and maintain health
« Ensure interagency communication and coor- communication systemsto facilitate timely
dination in health research priority setting, dissemination of basic and applied research
resource management, infrastructure, and pro- information on the etiology, pathogenicity,
gram development to ensure that health diagnosis, prevention, and treatment of dis-
research translates into prevention and con- eases of concern to people of the Arctic.
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